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(57) ABSTRACT 

A cryptographic system and method for encrypting input 
data, in Which an example system includes a table calculator 
con?gured to calculate table values composed of one of 
scalar multiplication values by Elliptic Curve (EC) opera 
tion, or exponentiation values by modular exponentiation 
operation, based on input data and the number of a portion 
of bits of each of secret keys. The table calculator may 
output one of scalar multiplication values or exponentiation 
values corresponding to a WindoW that includes given bits of 
each of the secret keys from among the calculated table 
values. A logic circuit may be con?gured to output encrypted 
data by accumulating the output scalar multiplication values 
or by performing involution on the output exponentiation 
values. 
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FIG. 5 

i500 
w bits 

/510 
k1 k1d_1 " k1i 00o k10 

k2 k2d_1 000 kzi .0. K20 

k1i,k2i 
‘ /520 

TABLE CALCULATOR 

W——_ 
1P 

p _... 

(2W—1)P 

k1iPl lkziP 
ACCUMULATOR —-~530 

l 



Patent Application Publication Feb. 21, 2008 Sheet 5 0f 9 

FIG. 6 

START COMPUTATION OF 
' SCALAR MULTIPLICATION 

RECEIVE‘ RANEOM VALUE r 
' 1= r 

‘S610 

.RECEIVE SECRET KEY kAND CALCULATE ‘ 
k2= k -' k1 

RECEIVE COMPUTATION POINT P ' -- S630 

CALCULATE PHECOMPUTATION TABLE 

YES 

OUTPUT THE *RESULTANT POINT Q 

END COMPUTATION OF 
SCALAR MULTIPUCATION 

US 2008/0044010 A1 

CHECK THE END 
OF SCALAR 
MULTIPLICATION 



Patent Application Publication Feb. 21, 2008 Sheet 6 0f 9 US 2008/0044010 A1 

FIG. '7 

700 

w bits 
/ 710 

d1d1d—1 d1i (110 
(12 d2d—1 dzi d20 

d1i,d 2i 
' /720 

TABLE CALCULATOR 

INVOLUTION ____ 
UNIT 730 

l 



Patent Application Publication Feb. 21, 2008 Sheet 7 0f 9 US 2008/0044010 A1 

FIG. 8 

. STAFIT COMPUTATION OF 

MODULAR EXPONENTIATION 

RECEIVE RANDOM VALUE r ’_ S810 
d1 = f . I 

I RECEIVE SECRET KEY (I AND CALCULATE _-__ S820 
d = d - a 2 ‘I 

RECENE INPUT MESSAGE M f - $830 

CALCULATE PRECOMPUTATION TABLE _ S840 
T[M1,...',M2'(2"1)] ‘ 

R = 1 ' » saso 

H=R2'-T[Md1'+d=']- - $860 

$810 

YES CHECK THE END 
OF INVOLUTION OUTPUT THE RESULTANT R - saeo 

END COMPUTATION OF 
MODULAR EXPONENTIATION 



Patent Application Publication Feb. 21, 2008 Sheet 8 0f 9 

d2 

FIG. 9 

w bits 

0.. Q. 

/91O 
o 

d an. .0 . d20 

920 

TABLE CALCULATOR 

INVOLUTION 
UNIT 

l 

US 2008/0044010 A1 

900 



Patent Application Publication Feb. 21, 2008 Sheet 9 0f 9 US 2008/0044010 A1 

FIG. 10 

' START COMPUTATION OF 

MODULAR EXPONENTIATION 

RECENE RANDOMr VALUE r ' ___ S1010 

RECEIVE SECRET KEYd AND CALCULATE I 
d2=d-d1 “S1020 

RECEIVE IN‘PUT MESSAGE M ' ~.- $1030 

CALCULATEEKFEEFMEQ'IQTIION TABLE % S1040 

R = 1 + 51050 

. T YES _ 

OUTPUT THE RESULTANT R. -s1oa 

END COMPUTATION OF 
- MODULAR EXPONENTIATION 

CHECK THE END 
0 OF INVOLUTION 



US 2008/0044010 A1 

CRYPTOGRAPHIC SYSTEM AND METHOD FOR 
ENCRYPTING INPUT DATA 

PRIORITY STATEMENT 

[0001] This application claims the bene?t under 35 U.S.C. 
§ll9 of Korean Patent Application No. 10-2005-0062907, 
?led on Jul. 12, 2005 in the Korean Intellectual Property 
Of?ce, the disclosure of Which is incorporated herein in its 
entirety by reference. 

BACKGROUND OF THE INVENTION 

[0002] 
[0003] Example embodiments of the present invention 
relate in general to a cryptographic system and method for 
encrypting input data. 

[0004] 2. Description of the Related Art 

[0005] In an effort to solve some of the problems in 
modern con?dential data communications systems, hard 
Ware cryptographic systems based on Well-knoWn crypto 
algorithms have become popular in an effort to satisfy 
continually groWing performance requirements. These 
crypto-algorithms include public key algorithms, for 
example, Rivest-Shamir-Adleman (RSA) and Elliptic Curve 
Cryptography (ECC), and symmetric key algorithms, for 
example, the Data Encryption Standard (DES) and the 
Advanced Encryption Standard (AES). 

[0006] Public Key Infrastructure (PKI) satisfying a high 
security level is Widely used in data processing systems. 
Moreover, highly secure signature protocols can be imple 
mented With only a PKI-based cryptosystem. This is one 
reason Why interest in PKI has been groWing in recent times. 

1. Field of the Invention 

[0007] But the ef?cient implementation of PKI requires 
the usage of a hardWare realiZation of one or more special 
iZed co-processors, also knoWn as a “crypto-engine.” For 
several decades, and in addition to hardWare-oriented 
crypto-systems, neW crypto-analysis methods, for example, 
Side-Channel Analysis (SCA) have been developed. There 
are several different attack methodologies, including Timing 
Analysis, PoWer Analysis, Electro-Magnetic Analysis, and 
Different Faults Analysis (DFA). It is knoWn that these types 
of attack techniques can successfully attack the crypto 
systems and obtain secret keys in less time and With less 
effort. 

[0008] Accordingly, the development of countermeasures 
for use against these cryptanalysis methods (such as SCA) is 
becoming an important task for the future. In the DPA attack, 
Which is a type of SCA, poWer tracks during scalar multi 
plication operations are analyZed to obtain information on 
secret keys. DPA attacks are based on a hypothesis that 
poWer tracks are correlated to instructions that a crypto 
graphic device is executing, as Well as to values of operands 
in the cryptographic process. Thus, examination of the 
poWer tracks can reveal information about the instructions 
being executed and the contents of data registers. In the case 
that the cryptographic device is executing a secret-key 
cryptographic operation, it may then be possible to deduce 
the secret key. 

[0009] In Simple PoWer Analysis (SPA) attacks, informa 
tion about secret keys can be deduced directly by examining 
the poWer tracks from a single secret key operation. Imple 
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mentations of elliptic curve (EC) point multiplication algo 
rithms may be particularly vulnerable, because the usual 
formulas for adding and doubling points are quite different 
and therefore may have poWer tracks Which can be distin 
guished. Any implementation Where the execution path is 
determined by secret key bits has potential vulnerability. 

[0010] DPA attacks exploit variations in poWer consump 
tion that are correlated to the data values being manipulated. 
These variations are typically much smaller than those 
associated With different instruction sequences, and may be 
obfuscated by noise and measurement errors. Statistical 
methods are used on a collection of poWer tracks in order to 
reduce the noise and strengthen the differential analysis. 

[0011] To counter the SPA attacks, there are number of 
different countermeasures. HoWever, most of the SPA coun 
termeasures are Weak as against DPA attacks. A DPA attack 
is more complex relative to an SPA attack and requires 
analysis of a substantial number of poWer tracks, yet is still 
applicable to leaking secret information. The complexity of 
the DPA attack can be measured in terms of a requested 
number of poWer tracks and in terms of the calculations 
performed by hardWare resources. Of the many DPA coun 
termeasure techniques have been developed, one of more 
popular techniques is a secret key exponent blinding coun 
termeasure. 

[0012] The PKI has many different algorithms for realiZ 
ing encryption: hashing, signature generation and veri?ca 
tion features. One of the main operations for these features 
is a modular exponentiation operation for an RSA-like 
system and a scalar multiplication operation for an ECC 
system. 

[0013] These operations have substantially complex com 
putation processes. Thus, to speed up the operations, many 
different methods have been used, for example, “Binary 
LTR/RTL,”“Beta-ry LTR/RTL,” and “Window LTR/RTL.” 
Herein, LTR means left-to-right processing, and RTL means 
right-to-left processing. 
[0014] FIG. 1 is an illustration for explaining conventional 
multiple scalar multiplication. Referring to FIG. 1, resultant 
data R=kP+lQ for secret keys k and l is obtained by 
accumulating d times using a formula R=2WR+(KiP+LiQ) 
by referring to a relevant lookup table value for a 2><W 
WindoW While shifting the secret keys k and 1 every W bits 
in the right direction. Herein, each of P and Q can be input 
data or a set of input data and basic data. This method is 
knoWn as Shamir’s trick and can be used for a secret-key 
exponent blinding countermeasure. In each multiplication 
step, W doubling operations and a single adding operation 
are performed. HoWever, for such a lookup table, the number 
of data to be referred to is 22W—l, e.g., 0P+1Q, lP+0Q, 
0P+2Q, . . . , (2W—l)P+(2W—l)Q, thereby requiring substan 

tial memory capacity to store all the data. 

[0015] In a practical secret-key exponent blinding coun 
termeasure, a resultant point Q=kP is obtained by splitting 
the secret key k into tWo parts, e.g., k=k1+k2, performing 
tWo scalar multiplication operations Ql=klP and Q2=k2P, 
and then performing a ?nal adding operation Q=Ql+Q2. 

[0016] FIGS. 2A and 2B are illustrations for explaining 
conventional system performance When ECC is performed 
by splitting a secret key into tWo pairs. In a typical binary 
algorithm in Which Q=kP is directly implemented, the 
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number of operations O(n), for the scalar multiplication 
operation is given as O(n)=n-DBL+(0.2 . . . 0.5)n-ADD, 
Wherein DBL denotes an EC doubling operation, ADD 
denotes an EC adding operation, and n=log2 k (the number 
of bits of a binary representation secret key). However, as 
compared to the typical binary algorithm, the method of 
splitting the secret key into tWo parts requires almost double 
the number of operations since O(n)E2([log2 k2]~DBL+(0.2 
. . . 0.5)[log2 k2]~ADD)+ADD When the number of bits of k2 
is almost the same as the number of bits of k as illustrated 
in FIG. 2A. When the number of bits of k2 is substantially 
less than the number of bits of k as illustrated in FIG. 2B, 
then O(n) [log2 k1]~DBL+(0.2 . . . 0.5)[log2 kl]~ADD+[log2 
k2]~DBL+(0.2 . . . 0.5)[log2 k2]~ADD+ADD. Performance 
deterioration is acceptable in this case, but security is poor 
due to a change of only a portion of loWer bits of k. In this 
case, the method of splitting the secret key into tWo parts has 
such complexity that an attacker can realiZe the changed 
loWer bits of k by performing an exhausted computation for 
upper bits [log2k]—[log2k2] and the remaining loWer bits 
related to k2 among the secret key. 

SUMMARY OF THE INVENTION 

[0017] An example embodiment of the present invention 
is directed to a cryptographic system. A system in accor 
dance With an example embodiment may include a table 
calculator con?gured to calculate table values composed of 
one of scalar multiplication values by Elliptic Curve (EC) 
operation, or exponentiation values by modular exponentia 
tion operation, based on input data and the number of a 
portion of bits of each of secret keys, and to output one of 
scalar multiplication values or exponentiation values corre 
sponding to a WindoW made up of given bits of each of the 
secret keys among the calculated table values. A system in 
accordance With an example embodiment may include a 
logic circuit con?gured to output encrypted data by accu 
mulating the output scalar multiplication values or by per 
forming involution on the output exponentiation values. 

[0018] Another example embodiment of the present 
invention is directed to a cryptographic system. A system in 
accordance With an example embodiment may include a 
splitter con?gured to receive an input secret key and to 
generate at least tWo split secret keys Whose sum is the input 
secret key. A system in accordance With an example embodi 
ment may include a selector con?gured to sequentially select 
a WindoW made up of given bits of each of the split secret 
keys, and a table calculator con?gured to calculate table 
values composed of scalar multiplication values by Elliptic 
Curve (EC) operation based on an input point and the 
number of given bits, and to output scalar multiplication 
values corresponding to the selected WindoW among the 
calculated table values. A system in accordance With an 
example embodiment may include an accumulator con?g 
ured to accumulate the output scalar multiplication values 
and to output the accumulated value as an encrypted point. 

[0019] Another example embodiment of the present 
invention is directed to a cryptographic system. A system in 
accordance With an example embodiment may include a 
splitter con?gured to receive an input secret key and to 
generate at least tWo split secret keys Whose sum is the input 
secret key. A system in accordance With an example embodi 
ment may include a selector con?gured to sequentially select 
a WindoW made up of given bits of each of the split secret 
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keys, and a table calculator con?gured to calculate table 
values composed of exponentiation values by modular expo 
nentiation operation based on an input message and the 
number of given bits, and to output exponentiation values 
corresponding to the selected WindoW among the calculated 
table values. A system in accordance With an example 
embodiment may include an involution unit con?gured to 
involve the output exponentiation values and to output the 
involved value as an encrypted message. 

[0020] Another example embodiment of the present 
invention is directed to a method of encrypting input data. In 
a method in accordance With an example embodiment, an 
input secret key is received and at least tWo split secret keys 
are generated Whose sum is the input secret key. A WindoW 
composed of given bits of each of the split secret keys is 
sequentially selected, and table values composed of scalar 
multiplication values may be calculated by Elliptic Curve 
(EC) operation based on an input point and the number of 
given bits. Scalar multiplication values corresponding to the 
selected WindoW from among the calculated table values 
may be output, and the output scalar multiplication values 
may be sequentially accumulated, With the accumulated 
value output as an encrypted point. 

[0021] Another example embodiment of the present 
invention is directed to a method of encrypting input data. In 
a method in accordance With an example embodiment, an 
input secret key is received and at least tWo split secret keys 
are generated Whose sum is the input secret key. A WindoW 
composed of given bits of each of the split secret keys may 
be sequentially selected, and table values composed of 
exponentiation values may be calculated by modular expo 
nentiation operation based on an input message and the 
number of given bits. Exponentiation values corresponding 
to the selected WindoW from among the calculated table 
values may be output; and the output exponentiation values 
may be sequentially involved, With the involved value 
output as an encrypted message. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] Example embodiments of the present invention 
Will become more fully understood from the detailed 
description given herein beloW and the accompanying draW 
ings, Wherein like elements are represented by like reference 
numerals, Which are given by Way of illustration only and 
thus are not limitative of example embodiments the present 
invention. 

[0023] FIG. 1 is an illustration for explaining conventional 
multiple scalar multiplication. 

[0024] FIGS. 2A and 2B are illustrations for explaining 
conventional system performance When ECC is performed 
by splitting a secret key into tWo parts. 

[0025] FIG. 3 is a block diagram of a performance 
oriented cryptography apparatus for a blinding-exponent 
DPA countermeasure in ECC, according to an example 
embodiment of the present invention. 

[0026] FIG. 4 is a ?owchart illustrating an operation of the 
cryptography system of FIG. 3. 

[0027] FIG. 5 is a block diagram of a memory-oriented 
cryptography system for a blinding-exponent DPA counter 
measure in ECC according to another example embodiment 
of the present invention. 
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[0028] FIG. 6 is a ?owchart illustrating an operation of the 
cryptography system of FIG. 5. 

[0029] FIG. 7 is a block diagram of a performance 
oriented cryptography system for a blinding-exponent DPA 
countermeasure in RSA-like cryptography according to 
another example embodiment of the present invention. 

[0030] FIG. 8 is a ?owchart illustrating an operation of the 
cryptography system of FIG. 7. 

[0031] FIG. 9 is a block diagram of a memory-oriented 
cryptography system for a blinding-exponent DPA counter 
measure in RSA-like cryptography according to another 
example embodiment of the present invention. 

[0032] FIG. 10 is a ?owchart illustrating an operation of 
the cryptography system of FIG. 9. 

DETAILED DESCRIPTION OF THE EXAMPLE 
EMBODIMENTS 

[0033] Example embodiments of the present invention 
provide a cryptographic system for blinding a secret key 
exponent while satisfying a given security level and perfor 
mance, regardless of any ?eld or any representation in a 
Rivest-Shamir-Adleman (RSA)-like crypto-system or an 
Elliptic Curve Cryptography (ECC) system. Example 
embodiments are also directed to a cryptographic method of 
blinding secret key exponent for a Di?‘erential Power Analy 
sis (DPA) countermeasure in crypto-algorithms, for 
example, Elliptic Curve Cryptography (ECC) and Rivest 
Shamir-Adleman (RSA). 

[0034] An elliptic curve (EC) E is a set of points (x,y) 
which satisfy the EC equation (Equation 1) in the Weier 
strass form where an (n=l, 2, 3, etc.) is a non-Zero constant: 

[0035] For cryptographic applications, the EC can be used 
over a prime ?nite ?eld GF(p) or a binary ?nite ?eld GF(2“). 
In an example embodiment, GF( ) denotes a Galois ?eld, the 
prime ?nite ?eld is a ?eld containing a prime number of 
elements, and the binary ?nite ?eld is a ?eld containing 2n 
elements. 

[0036] If nil, then there is a unique ?eld GF(2“) with 2D 
elements. For the binary ?nite ?eld case, Equation 1 may be 
changed to: 

[0037] The ECs include a point addition operation, and in 
a partial case include a point doubling operation. For 
example, to get the resultant point R=P+Q=(x3,y3) from two 
points P=(xl,y1) and Q=(x2,y2), the next ?nite ?eld opera 
tion (Equation 3) in the binary ?nite ?eld GF(2“) may be 
preferred: 
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[0038] When the point doubling operation (P=Q) is 
requested, then the next ?nite ?eld operation (Equation 4) 
should be performed in the binary ?nite ?eld GF(2“): 

(4) 

[0039] There are different possible representations of the 
point on the EC besides the A?ine representation (used in the 
above equations), including the use of Ordinary Projective, 
Jacobian Projective, LopeZ-Dahab Projective representa 
tions, etc., for example. Each of the representations may 
have its own advantages: improved performance, resistance 
to some kind of attacks or an easier-to-build system. 

[0040] In an ECC-based system, an encrypted point Q can 
be generated by a scalar multiplication operation as in 
Equation 5, wherein P denotes an input point and k denotes 
a secret key. 

[0041] In the scalar point multiplication, the main opera 
tion computes Q=k~P=P+P+ . . . +P (k times). The scalar 
point multiplication is based on the point operations, which 
in turn are based on the ?nite ?eld operations: multiplication 
in ?nite ?eld, addition in ?nite ?eld and squaring in the ?nite 
?eld. A related operation is the discrete logarithm, which 
consists in computing k from P and Q=k~P. 

[0042] In an RSA-like system, an encrypted message C 
can be generated by a modular exponentiation operation as 
in Equation 6, wherein M denotes an input message, N 
denotes the module of a system in accordance with an 
example embodiment, and d denotes a secret key. 

C=MdrnodN (6) 

[0043] Example embodiments of the present invention 
may be con?gured to encrypt input data by splitting a secret 
key into two parts and blinding the split secret keys with an 
acceptable memory siZe, without degradation in security and 
deterioration of performance. In the conventional art, to 
obtain the encrypted data R by the multiple scalar multipli 
cation illustrated in FIG. 1, 22W—l scalar multiplication 
values as data to be referred to from the lookup table should 
be stored in a substantial siZed memory. However, in accor 
dance with example embodiments of the present invention, 
the cryptographic system can be operated without deterio 
ration of performance by storing 2(W+l)—2 (see FIGS. 3 and 
7) or 2W—l (see FIGS. 5 and 9) scalar multiplication values 
or exponentiation values in a comparatively smaller 
memory. 

[0044] FIG. 3 is a block diagram of a performance 
oriented cryptography system 300 for a blinding-exponent 
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DPA countermeasure in ECC, according to an example 
embodiment of the present invention. Referring to FIG. 3, 
system 300 may include a splitter (not shown), a selector 
310, a table calculator 320 and an accumulator 330. Opera 
tion of the cryptography system 300 of FIG. 3 may be 
described With reference to FIG. 4. 

[0045] Referring to FIG. 4, the splitter receives (S410) a 
random value kl=r. The splitter receives an input secret key 
k and calculates another secret key k2=k—kl (S420). That is, 
to obtain encrypted data Q based on the multiple scalar 
multiplication, the splitter outputs tWo split secret keys kl 
and k2. Although the number of split secret keys illustrated 
is tWo, the input secret key k can be split into more than tWo 
parts to increase the security level. In addition, the split 
secret keys may have the same number of bits, and a sum of 
the split secret keys may be the same as the input secret key 
k. 

[0046] The table calculator 320 receives an input point P 
to be encrypted (S430) and receives the number W (an 
exponent value) of given bits (Which may be calculated or 
knoWn in advance) of each of the split secret keys kl and k2. 
The table calculator 320 calculates (S440) table values T[lP, 
2P, 3P, . . . , 2(2W—l)P] made up of 2(W+1)—2 scalar multi 

plication values by the EC operation based on the input point 
P and the number of bits W. That is, the table calculator 320 
calculates, as the table values, scalar multiplication values of 
numbers (1, 2, 3, . . . , 2(W+1)—2), based on the input point P, 
Where a number less than a number obtained by adding 1 to 
the number W of the given bits of each of the split secret keys 
kl and k2 is an exponent (e.g., a number <W+l). 

[0047] The accumulator 330 periodically resets (S450) a 
previous accumulation value before starting accumulation. 
Then, the selector 310 starts to sequentially select a WindoW 
(2><W) made up of the given bits of each of the split secret 
keys kl and k2. The selector 310 selects key values, kli of k1 
and k2 of k2, of the WindoW 

times in an order from the upper part of the WindoW to the 
loWer part of the WindoW in the LTR manner. The table 
calculator 320 outputs scalar multiplication values (k1i+ 
k2i)P corresponding to a sum (k1i+k2i) of the key values of 
the selected WindoW (2><W) from the calculated table values. 

[0048] Then, the accumulator 330 accumulates the output 
scalar multiplication values (kli+k2i)P and outputs the accu 
mulated value Q as an encrypted point. The accumulator 330 
performs EC doubling operations 2WQ (S460) of a previous 
accumulation value as many times as the number W of the 

given bits of each of the split secret keys kl and k2 during 
each accumulation operation being performed, and performs 
an EC addition operation once by adding one scalar multi 

plication value (e.g., (k1d_l+k2d_l)P, (k1d_2+k2d_2)P, or (kld_ 
3+k2d_3)P, . . . ) output according to a WindoW selected by the 
accumulator 330 to the result of the EC doubling operations 
2WQ. At S470, When the selector 310 selects a WindoW 
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times, the accumulator 330 accumulates the output scalar 
multiplication values (kl1+k21)P 

W 

times (output of S470 is ‘NO’) in the same manner and 
?nishes the accumulation (When output of S470 is ‘YES’). 

[0049] If the secret key exponent blinding process is 
?nished (output of S470 is ‘YES’), the resultant output point 
Q is output (S480) to a post-processor in an upper layer. In 
the post-processor, a signature/veri?cation routine according 
to the resultant output point Q may be performed. In an 
example, the accumulator 330 may also be referred to as a 
logic circuit con?gured to output the encrypted data (result 
ant output point Q). 

[0050] FIG. 5 is a block diagram of a memory-oriented 
cryptography system 500 for a blinding-exponent DPA 
countermeasure in ECC according to another embodiment of 
the present invention. Referring to FIG. 5, system 500 may 
include a selector 510, a table calculator 520 and an accu 
mulator 530. Operation of the system 500 of FIG. 5 may be 
described With reference to FIG. 6. 

[0051] As in FIG. 4, a splitter (not shoWn) receives a 
random value kl=r(S610) and an input secret key k (S620), 
calculates another secret key k2=k—kl, and then outputs tWo 
split secret keys kl and k2. 

[0052] The table calculator 520 receives an input point P 
to be encrypted and receives the number W of given bits of 
each of the split secret keys kl and k2 (S630). The table 
calculator 520 calculates table values T[lP, 2P, 3P, . . . , 

(2W—l)P] made up of 2W—l scalar multiplication values 
(S640) by the EC operation based on the input point P and 
the number of bits W. That is, the table calculator 520 
calculates, as the table values, scalar multiplication values of 
numbers (1, 2, 3, . . . , 2W—l) based on the input point, Where 
a number less than the number W of given bits of each of the 
split secret keys kl and k2 is an exponent. 

[0053] The accumulator 530 periodically resets a previous 
accumulation value (S650) before starting accumulation. 
Then, the selector 510 starts to sequentially select a WindoW 
(2><W) made up of the given bits of each of the split secret 
keys kl and k2. The selector 510 selects key values, kli of k1 
and k2i of k2, of the WindoW 

times in an order from the upper part of the WindoW to the 
loWer part of the WindoW in the LTR Way. The table 
calculator 520 outputs scalar multiplication values kliP and 
kZiP corresponding to each of the key values k1i and k2i of 
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the selected WindoW (2><W) from the calculated table values. 
In an example embodiment, the sum (kli+k2i)P of the scalar 
multiplication values is not output, but tWo separate scalar 
multiplication values kliP and kZiP are separately output. 
This is to reduce the siZe of the memory storing the table 
values T[lP, 2P, 3P, . . . , (2W—l)P]. 

[0054] Then, the accumulator 530 accumulates the output 
scalar multiplication values kliP and k2iP and outputs the 
accumulated value Q as an encrypted point. The accumula 
tor 530 performs EC doubling operations 2WQ of a previous 
accumulation value (at S660) as many times as the number 
W of the given bits of each of the split secret keys kl and k2 
during each accumulation operation, and performs an EC 
addition operation as many times as the number of the scalar 
multiplication values (e.g., tWice) by adding tWo scalar 
multiplication values (e. g., kldHP and k2d_lP, or k1d_2P and 
k2d_2P, . . . ) output according to a WindoW selected by the 
accumulator 530 to the result of the EC doubling operations 
2WQ. In an example embodiment, since the siZe of the 
memory storing the table values T[lP, 2P, 3P, . . . , (2W—l)P] 
in the table calculator 520 is reduced, performance may be 
degraded, since the addition operation is performed an 
additional time as compared to FIG. 3. HoWever, since the 
numbers of bits of the split secret keys kl and k2 are the same 
and the same input point P is used to generate the table 
values T[lP, 2P, 3P, . . . , (2W—l)P], substantial performance 
deterioration may be avoided, and/or memory costs may be 
reduced as compared to the conventional arrangement in 
FIG. 1. 

[0055] At S670, When the selector 510 selects a WindoW 

W 

times, the accumulator 530 accumulates the output scalar 
multiplication values kllP and k21P 

W 

times (While output of S670) is ‘NO’) in the same manner 
and ?nishes the accumulation (While output of S670 is 
‘YES’). The resultant output point Q is output (S680) to a 
post-processor in an upper layer for signature/veri?cation, 
for example. In an example, the accumulator 530 may also 
be referred to as a logic circuit con?gured to output the 
encrypted data (resultant output point Q). 
[0056] FIG. 7 is a block diagram of a performance 
oriented cryptography system 700 for a blinding-exponent 
DPA countermeasure in RSA-like cryptography according to 
another example embodiment of the present invention. 
Referring to FIG. 7, the system 700 may include a selector 
710, a table calculator 720 and an involution unit 730. 
Operation of the system 700 may be described With refer 
ence to FIG. 8. 

[0057] As in FIGS. 4 and 6, a splitter (not shoWn) receives 
a random value d=r (S810) and an input secret key d, 
calculates another secret key d2=d—dl (S820), and then 
outputs tWo split secret keys dl and d2. 
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[0058] The table calculator 720 receives an input message 
M to be encrypted (S830) and receives the number W of 
given bits of each of the split secret keys dl and d2. The table 
calculator 720 calculates table values T[Ml, M2, M3, . . . ] 
made up of 2(W+_l)—2 exponentiation values (S840) by the 
modular exponentiation operation based on the input mes 
sage M and the number of bits W. That is, the table calculator 
720 calculates, as the table values, exponentiation values of 
the input message M Where a number less than a number 
obtained by adding 1 to the number W of the given bits of 
each )of the split secret keys dl and d2 is an exponent (e.g., 
2 W“ —2). 

[0059] The involution unit 730 periodically resets (R=l) a 
previous involution value (S850) before starting involution. 
Then, the selector 710 starts to sequentially select a WindoW 
(2><W) made up of the given bits of each of the split secret 
keys dl and d2. The selector 710 selects key values, d1i of dl 
and d2 of d2, of the WindoW 

times in an order from the upper part of the WindoW to the 
loWer part of the WindoW in the LTR Way. The table 
calculator 720 outputs exponentiation values Mdlli+d12i cor 
responding to a sum (dli+d2i) of the key values of the 
selected WindoW (2><W) among the calculated table values. 
In an example embodiment, exponentiation values Mdlli and 
M012i are not separately output, rather every exponentiation 
value Mdlli+d12i is output. 

[0060] Then, the involution unit 730 involves the output 
exponentiation values Mdlli+d12i and outputs the involved 
value Q as an encrypted message. The involution unit 730 
performs square operations (e.g., Rzw) of a previous invo 
lution value (at S860) as many times as the number W of 
given bits of each of the split secret keys dl and d2 is an 
exponent during each involution operation, and performs a 
multiplication operation once by multiplying one exponen 
tiation value (e.g., Md1’d_l+d2’d_l, or Md1’d_2+d2’d_2, . . . 
output according to the selected WindoW by the result of the 
square operations. In an example embodiment, since an 
exponentiation value output according to the selected Win 
doW is multiplied only once, the example methodology as 
described in FIGS. 7 and 8 is performance-oriented. 

[0061] 
WindoW 

In operation 870, When the selector 710 selects a 

wt W 

times, the involution unit 730 involves the output exponen 
tiation values 

W 

times in the same manner (While output of S870) is ‘NO’) 
and ?nishes the involution (once output of S870 is ‘YES’). 
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The resultant output message R is then output (at S880) to 
a post-processor in an upper layer for signature/veri?cation. 
In an example, the involution unit 730 may also be referred 
to as a logic circuit con?gured to output the encrypted 
message (resultant output message R). 

[0062] FIG. 9 is a block diagram of a memory-oriented 
system 900 for a blinding-exponent DPA countermeasure in 
RSA-like cryptography according to another example 
embodiment of the present invention. Referring to FIG. 9, 
system 900 may include a selector 910, a table calculator 
920 and an involution unit 930. Operation of the cryptog 
raphy system 900 may be described With reference to FIG. 
10. 

[0063] As in FIG. 8, a splitter (not shoWn) receives a 
random value dl=r (S1010) and an input secret key d 
(S1020), calculates another secret key d2=d—dl (S1030), and 
then outputs tWo split secret keys dl and d2. 

[0064] The table calculator 920 receives an input message 
M to be encrypted (S1030) and receives the number W of 
given bits of each of the split secret keys dl and d2. The table 
calculator 920 calculates table values T[Ml, M2, M2, M3, . 
. . ] made up of 2W—l exponentiation values (S1040) by the 
modular exponentiation operation based on the input mes 
sage M and the number of bits W. That is, the table calculator 
920 calculates, as the table values, exponentiation values of 
the input message M Where a number less than the number 
W of given bits of each of the split secret keys dl and d2 is 
an exponent (e.g., 2W—l). 

[0065] The involution unit 930 periodically resets (R=l) a 
previous involution value (S1050) before starting involu 
tion. Then, the selector 910 starts to sequentially select a 
WindoW (2><W) made up of the given bits of each of the split 
secret keys dl and d2. The selector 910 selects key values, d1i 
of dl and d2i of d2, of the WindoW 

guy] 

times in an order from the upper part of the WindoW to the 
loWer part of the WindoW in the LTR Way. The table 
calculator 920 outputs exponentiation values Mdlli and M012i 
corresponding to each of the key values (d1i and d2) of the 
selected WindoW (2><W) from the calculated table values. In 
andlieixample embodiment, a single exponentiation value 

is not output, but tWo exponentiation values MG111 and 
M012i are separately output. The con?guration as described in 
FIGS. 9 and 10 is memory-oriented by storing the table 
values T[Ml, M2, M3, . . . ] in the table calculator 920, rather 
than performance-oriented as described in FIGS. 7 and 8. 

[0066] The involution unit 930 then involves the output 
exponentiation values Mdlli and M012i and outputs the 
involved value Q as an encrypted message. The involution 
unit 930 performs square operations (e.g., R2W) of a previous 
involution value (at S1060) as many times the number W of 
given bits of each of the split secret keys dl and d2 is an 
exponent during each involution operation, and performs a 
multiplication operation once for each by multiplying tWo 
exponentiation values (ex, Mam“l and Md2’d_1, or Mam“2 
and Md2’d_2, . . . ) output according to the selected WindoW 
by the result of the square operations. In an example 
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embodiment, as the siZe of the memory storing the table 
values T[Ml, M2, M3, . . . ] in the table calculator 920 is 
reduced, performance can be degraded since the multipli 
cation operation is performed an additional time as com 
pared to FIG. 7. HoWever, since the numbers of bits of the 
split secret keys dl and d2 are the same and the same input 
message M is used to generate the table values T[Ml, M2, 
M3, . . . ], substantial performance deterioration may be 
avoided, and/or memory costs may be reduced as compared 
to the conventional arrangement in FIG. 1. 

[0067] At S1070, When the selector 910 selects a WindoW 

W 

times, the involution unit 930 involves the output exponen 
tiation values 

l@l W 

times in the same manner (While output of S1070) is ‘NO’) 
and ?nishes the involution (once output of S1070 is ‘YES’). 
The resultant output message R is output (at S1080) to a 
post-processor in an upper layer for signature/veri?cation. In 
an example, the involution unit 930 may also be referred to 
as a logic circuit con?gured to output the encrypted message 
(resultant output message R). 

[0068] As described above, in a cryptography system 
according to example embodiments of the present invention, 
the table calculator 320/520 based on the EC operation 
outputs a single scalar multiplication value (kli+k2i)P related 
to a certain WindoW of the sequentially input split secret keys 
kl and k2 or scalar multiplication values kliP and kZiP 
corresponding to each of input bits, and the accumulator 
330/530 blinds a secret key exponent by accumulating the 
output values. In addition, the table calculator 720/920 based 
on the modular exponentiation operation outputs a single 
exponentiation value Mdlli+d12i related to a certain WindoW of 
the sequentially input split secret keys dl and d2 or expo 
nentiation values Mdlli and M012i corresponding to each of 
input bits, and the involution unit 730/930 blinds a secret 
key exponent by involving the output values. 

[0069] Although described primarily in terms of hardWare 
above, the example methodology implemented by one or 
more components of the example system described above 
may also be embodied in softWare as a computer program. 
For example, a program in accordance With example 
embodiments of the present invention may be a computer 
program product causing a computer to execute a method for 
encrypting input data by implementing the functionality as 
described in any of FIGS. 4, 6, 8 and/or 10, for example. 

[0070] The computer program product may include a 
computer-readable medium having computer program logic 
or code portions embodied thereon for enabling a processor 
of a system in accordance With an example embodiment to 
perform one or more functions in accordance With the 
example methodology described above. The computer pro 
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gram logic may thus cause the processor to perform the 
example method, or one or more functions of the example 
method described herein. 

[0071] The computer-readable storage medium may be a 
built-in medium installed inside a computer main body or 
removable medium arranged so that it can be separated from 
the computer main body. Examples of the built-in medium 
include, but are not limited to, reWriteable non-volatile 
memories, for example, RAM, ROM, ?ash memories and 
hard disks. Examples of a removable medium may include, 
but are not limited to, optical storage media, for example, 
CD-ROMs and DVDs; magneto-optical storage media, for 
example, MOs; magnetism storage media, for example, 
?oppy disks (trademark), cassette tapes, and removable hard 
disks; media With a built-in reWriteable non-volatile 
memory, for example, memory cards; and media With a 
built-in ROM, for example, ROM cassettes. 

[0072] These programs may also be provided in the form 
of an externally supplied propagated signal and/or a com 
puter data signal embodied in a carrier Wave (e.g., trans 
mission through the intemet). The computer data signal 
embodying one or more instructions or functions of the 
example methodology may be carried on a carrier Wave for 
transmission and/or reception by an entity that executes the 
instructions or functions of the example methodology. 

[0073] For example, the functions or instructions of the 
example methods as shoWn in any of FIGS. 4, 6, 8 and/or 10 
may be implemented by processing one or more code 
segments of the carrier Wave in a computer controlling one 
or more of the components of the example system in any of 
FIGS. 3, 5, 7 and/or 9, Where instructions or functions may 
be executed for encrypting data, in accordance With the 
example method outlined in any of FIGS. 4, 6, 8 and/or 10. 
Further, such programs, When recorded on computer-read 
able storage media, may be readily stored and distributed. 
The storage medium, as it is read by a computer, may enable 
the encrypting of input data in accordance With the example 
methods described herein. 

[0074] The cryptographic systems and method according 
to example embodiments of the present invention can be 
applied in any ?eld or any representation of an ECC crypto 
system or an RSA-like crypto-system. The example systems 
and method may be con?gured to encrypt input data at a 
high speed With blinding a secret key exponent in terms of 
performance-oriented or memory-oriented, and counter DPA 
attacks Without degrading system performance and/or secu 
rity resistance level. 

[0075] Example embodiments of the present invention 
being thus described, it Will be obvious that the same may 
be varied in many Ways. For example, the functional blocks 
of FIGS. 3-10 describing the example system and/or method 
may be implemented in hardWare and/or softWare. The 
hardWare/softWare implementations may include a combi 
nation of processor(s) and article(s) of manufacture. The 
article(s) of manufacture may further include storage media 
and executable computer program(s). The executable com 
puter pro gram(s) may include the instructions to perform the 
described operations or functions. The computer executable 
program(s) may also be provided as part of externally 
supplied propagated signal(s). Such variations are not to be 
regarded as departure from the spirit and scope of example 
embodiments of the present invention, and all such modi 
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?cations as Would be obvious to one skilled in the art are 
intended to be included Within the scope of the folloWing 
claims. 

What is claimed is: 
1. A cryptographic system, comprising: 

a table calculator con?gured to calculate table values 
composed of one of scalar multiplication values by 
Elliptic Curve (EC) operation, or exponentiation values 
by modular exponentiation operation, based on input 
data and the number of a portion of bits of each of 
secret keys, and to output one of scalar multiplication 
values or exponentiation values corresponding to a 
WindoW that includes given bits of each of the secret 
keys among the calculated table values; and 

a logic circuit con?gured to output encrypted data by 
accumulating the output scalar multiplication values or 
by performing involution on the output exponentiation 
values. 

2. The system of claim 1, Wherein the table calculator 
calculates, as the table values, 

the scalar multiplication values based on the input delay, 
Where a number less than a number obtained by adding 
1 to the number of the given bits is an exponent, or 

the exponentiation values of the input data, Where a 
number obtained by adding 1 to the number of the 
given bits is an exponent. 

3. The system of claim 1, Wherein the table calculator 
calculates, as the table values, 

the scalar multiplication values based on the input data, 
Where a number less than the number of the given bits 
is an exponent, or 

the exponentiation values of the input data, Where a 
number less than the number of the given bits is an 
exponent. 

4. A cryptographic system, comprising: 

a splitter con?gured to receive an input secret key and to 
generate at least tWo split secret keys Whose sum is the 
input secret key; 

a selector con?gured to sequentially select a WindoW 
including given bits of each of the split secret keys; 

a table calculator con?gured to calculate table values 
composed of scalar multiplication values by Elliptic 
Curve (EC) operation based on an input point and the 
number of given bits, and to output scalar multiplica 
tion values corresponding to the selected WindoW from 
the calculated table values; and 

an accumulator con?gured to accumulate the output scalar 
multiplication values and to output the accumulated 
value as an encrypted point. 

5. The system of claim 4, Wherein the table calculator is 
con?gured to calculate, as the table values, scalar multipli 
cation values based on the input point, Where a number less 
than a number obtained by adding 1 to the number of given 
bits is an exponent. 

6. The system of claim 5, Wherein the accumulator is 
con?gured to perform a number of EC doubling operations 
of a previous accumulation value equal to the number of 
given bits, and to perform an EC addition operation once by 
adding a scalar multiplication value output according to the 
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selected WindoW to the result of the EC doubling operations 
during each accumulation operation. 

7. The system of claim 4, Wherein the table calculator is 
con?gured to calculate, as the table values, scalar multipli 
cation values based on the input point, Where a number less 
than the number of given bits is an exponent. 

8. The system of claim 7, Wherein the accumulator is 
con?gured to perform a number of EC doubling operations 
of a previous accumulation value equal to the number of 
given bits, and to perform a number of EC addition opera 
tions equal to the number of calculated scalar multiplication 
values by adding scalar multiplication values output accord 
ing to the selected WindoW to the result of the EC doubling 
operations during each accumulation operation. 

9. The system of claim 4, Wherein the split secret keys 
have the same number of bits. 

10. A cryptographic system, comprising: 

a splitter con?gured to receive an input secret key and to 
generate at least tWo split secret keys Whose sum is the 
input secret key; 

a selector con?gured to sequentially select a WindoW 
including given bits of each of the split secret keys; 

a table calculator con?gured to calculate table values 
composed of exponentiation values by modular expo 
nentiation operation based on an input message and the 
number of given bits, and to output exponentiation 
values corresponding to the selected WindoW from the 
calculated table values; and 

an involution unit con?gured to involve the output expo 
nentiation values and to output the involved value as an 
encrypted message. 

11. The system of claim 10, Wherein the table calculator 
is con?gured to calculate, as the table values, exponentiation 
values of the input message, Where a number obtained by 
adding 1 to the number of given bits is an exponent. 

12. The system of claim 11, Wherein the involution unit is 
con?gured to perform a number of square operations of a 
previous involution value equal to a number having an 
exponent less than a number obtained by subtracting 1 from 
the number of given bits, and to perform a multiplication 
operation by multiplying an exponentiation value output 
according to the selected WindoW by the result of the square 
operations during each involution operation. 

13. The system of claim 10, Wherein the table calculator 
is con?gured to calculate, as the table values, exponentiation 
values of the input message, Where a number less than the 
number of given bits is an exponent. 

14. The system of claim 13, Wherein the involution unit is 
con?gured to perform a number of square operations of a 
previous involution value equal to a number having an 
exponent less than a number obtained by subtracting 1 from 
the number of given bits, and to perform a number of 
multiplication operations equal to the number of exponen 
tiation values by multiplying exponentiation values output 
according to the selected WindoW by the result of the square 
operations during each involution operation. 

15. The system of claim 10, Wherein the split secret keys 
have the same number of bits. 

16. A method of encrypting input data, comprising: 

receiving an input secret key; 
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generating at least tWo split secret keys Whose sum is the 
input secret key; 

sequentially selecting a WindoW made up of given bits of 
each of the split secret keys; 

calculating table values composed of scalar multiplication 
values by Elliptic Curve (EC) operation based on an 
input point and the number of given bits; 

outputting scalar multiplication values corresponding to 
the selected WindoW from among the calculated table 
values; 

sequentially accumulating the output scalar multiplication 
values; and 

outputting the accumulated value as an encrypted point. 
17. The method of claim 16, Wherein the table values are 

made up of scalar multiplication values based on the input 
point, Where a number less than a number obtained by 
adding 1 to the number of given bits is an exponent. 

18. The method of claim 17, Wherein a number of EC 
doubling operations of a previous accumulation value are 
performed so as to equal the number of given bits, and an EC 
addition operation is performed once by adding a scalar 
multiplication value output according to the selected Win 
doW to the result of the EC doubling operations during each 
accumulation operation. 

19. The method of claim 16, Wherein the table values are 
composed of scalar multiplication values based on the input 
point, Where a number less than the number of given bits is 
an exponent. 

20. The method of claim 19, Wherein a number of EC 
doubling operations of a previous accumulation value are 
performed so as to equal the number of given bits, and a 
number of EC addition operations are performed so as to 
equal the number of scalar multiplication values by adding 
scalar multiplication values output according to the selected 
WindoW to the result of the EC doubling operations during 
each accumulation operation. 

21. The method of claim 16, Wherein the split secret keys 
have the same number of bits. 

22. A method for encrypting input data, comprising: 

receiving an input secret key; 

generating at least tWo split secret keys Whose sum is the 
input secret key; 

sequentially selecting a WindoW made up of given bits of 
each of the split secret keys; 

calculating table values made up of exponentiation values 
by modular exponentiation operation based on an input 
message and the number of given bits; 

outputting exponentiation values corresponding to the 
selected WindoW from among the calculated table val 
ues; 

sequentially involving the output exponentiation values; 
and 

outputting an involved value as an encrypted message. 
23. The method of claim 22, Wherein the table values are 

made up of exponentiation values of the input message, 
Where a number obtained by adding 1 to the number of given 
bits is an exponent. 
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24. The method of claim 23, wherein a number of square 
operations of a previous involution value are performed so 
as to equal a number having an exponent that is a number 
less than a number obtained by subtracting 1 from the 
number of given bits, and a multiplication operation is 
performed once by multiplying an exponentiation value 
output according to the selected WindoW by the result of the 
square operations during each involution operation. 

25. The method of claim 22, Wherein the table values are 
composed of exponentiation values of the input message, 
Where a number less than the number of given bits is an 
exponent. 

26. The method of claim 25, Wherein a number of square 
operations of a previous involution value are performed so 
as to equal a number having an exponent but is a number less 
than a number obtained by subtracting 1 from the number of 
given bits, and a number of multiplication operations are 
performed to equal the number of exponentiation values by 
multiplying exponentiation values output according to the 
selected WindoW by the result of the square operations 
during each involution operation. 

27. The method of claim 22, Wherein the split secret keys 
have the same number of bits. 

28. A computer program product comprising a computer 
readable medium having computer program logic stored 
thereon for enabling a processor of a cryptographic system 
to encrypt input data, the computer program logic causing 
the processor to perform the functions of: 

receiving an input secret key; 

generating at least tWo split secret keys Whose sum is the 
input secret key; 

sequentially selecting a WindoW made up of given bits of 
each of the split secret keys; 

calculating table values composed of scalar multiplication 
values by Elliptic Curve (EC) operation based on an 
input point and the number of given bits; 

outputting scalar multiplication values corresponding to 
the selected WindoW from among the calculated table 
values; 

sequentially accumulating the output scalar multiplication 
values; and 

outputting the accumulated value as an encrypted point. 
29. Aprogram, adapted to cause a computer to execute the 

method of claim 16. 
30. A computer-readable storage medium, on Which is 

recorded a program adapted to cause a computer to execute 
the method of claim 16. 

31. A computer data signal embodied in a carrier Wave, 
the computer data signal adapted for directing the encryption 
of input data in an apparatus con?gured to receive and 
encrypt the input data, the computer data signal comprising: 

instructions for receiving an input secret key; 

instructions for generating at least tWo split secret keys 
Whose sum is the input secret key; 

instructions for sequentially selecting a WindoW made up 
of given bits of each of the split secret keys; 

instructions for calculating table values composed of 
scalar multiplication values by Elliptic Curve (EC) 
operation based on an input point and the number of 
given bits; 
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instructions for outputting scalar multiplication values 
corresponding to the selected WindoW from among the 
calculated table values; 

instructions for sequentially accumulating the output sca 
lar multiplication values; and 

instructions for outputting the accumulated value as an 
encrypted point. 

32. A computer program product comprising a computer 
readable medium having computer program logic stored 
thereon for enabling a processor of a cryptographic system 
to encrypt input data, the computer program logic causing 
the processor to perform the functions of: 

receiving an input secret key; 

generating at least tWo split secret keys Whose sum is the 
input secret key; 

sequentially selecting a WindoW made up of given bits of 
each of the split secret keys; 

calculating table values made up of exponentiation values 
by modular exponentiation operation based on an input 
message and the number of given bits; 

outputting exponentiation values corresponding to the 
selected WindoW from among the calculated table val 
ues; 

sequentially involving the output exponentiation values; 
and 

outputting an involved value as an encrypted message. 

33. Aprogram, adapted to cause a computer to execute the 
method of claim 22. 

34. A computer-readable storage medium, on Which is 
recorded a program adapted to cause a computer to execute 
the method of claim 22. 

35. A computer data signal embodied in a carrier Wave, 
the computer data signal adapted for directing the encryption 
of input data in an apparatus con?gured to receive and 
encrypt the input data, the computer data signal comprising: 

instructions for receiving an input secret key; 

instructions for generating at least tWo split secret keys 
Whose sum is the input secret key; 

instructions for sequentially selecting a WindoW made up 
of given bits of each of the split secret keys; 

instructions for calculating table values made up of expo 
nentiation values by modular exponentiation operation 
based on an input message and the number of given 
bits; 

instructions for outputting exponentiation values corre 
sponding to the selected WindoW from among the 
calculated table values; 

instructions for sequentially involving the output expo 
nentiation values; and 

instructions for outputting an involved value as an 
encrypted message. 


